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INTRODUCT I0i

This is the third in a series of annual reports to CRREL con-
cerning ice related erosion within restricted waters which are uti-
lized for commercial navigation. The first report was entitled
'Field Study of the Effect of Ice on Sediment Transport and Shore-
line Erosion, Sault Ste. Marie, Michigan' Hovember 1977, Volumes
1 dnd 2. The second report (Volume 3) dated November 1978 was
expanded to include the St. Clair River and the Detroit River.

This report (Volume 4) is a continuation of the previous study
effort on the three rivers and includes three additional sites.

Two new sites were investigated on the St. Marys River (Dark Hole
and Six Mile Point) and the location of the proposed new Peerless
Sea ¥all was added as a new site on the St. Clair River.

Site locations anc baseline arrangement can be found in the
previous reports unless otherwise noted.

A companion study was also initiated during the 1978-79 winter
season on the St. Marys River under the auspices of the Great Lakes
Basin Cormission. This study (also performed by Dr. G. R. Alger)
contains findings relavent to the material reported here under the
existing CRREL contract. Therefore, the report to GLBC has been
included as an appendix to this report. Those having interest in
the material contained in this report should review the section in
the Appendix, particularly the section on Surmary and Conclusions

and the Recormendation section.

B Y . iman . s - C e e -




THE ST. MARYS RIVER

SUGAR ISLAND SITE

Qetai]s of site location and range line position may be
found in the reports to CRREL of 1977 and 1978, Volumes 1, 2 and
3.

The shore and nearshore topography and bathymetry were deter-
mined in June of 1979 using a level and level rod. Similar meas-
urements riade at this site during previous years (Volumes 1, 2 and
3) heginning in August of 1976 have shown little or no change dur-
ing the intervening period. However, the measurements rade in
June of 1979 under this contract show bluff recession along sever-
al of the ranges. This information is illustrated on Figures 1
through 6.

The river elevation {using the Sugar Island Site datum) was
98.44 ft., which is higher than any previous measurenients done un-
der this contract. As can be seen from the profiles this river
elevation has submerged the lower part of the scarp face and con-
sequently any wave action is transposed directly to the scarp face
and would tend to localize such erosional forces there. As has
been noted in previous reports the wave action generated by the
passage of the many pleasure boats which utilize the river system
{fs 1ikely more detremental than the waves generated by commercial
vessels rioving at regulated speed.

Offshore bathymetry for all ranges was also determined in

June of 1979 using a boat equiped with a survey fathometer. A
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comparison of these soundings with those donv in previous years

under this contract show no measurable change.

ADAMS SITE

‘Detai1s of site location and range line position may be
found in the reports to CRREL of 1977 and 1978, Volumes 1, 2 and 3.

The shore and nearshore topography and bathymetry were deter-
mined in June 1979 using & level and level rod. Similar measure-
Heats made at this site during previous years {Volumes 1, 2 and 3)
beginning in 1976 have shown little or no change during the inter-
vening period. The resuits of the measurements made under this
contract in June of 1979 again show no appreciable change except at
Ranges I, J and K. A new home has been constructed in the area
covered by these three ranges and the area between the home and
rivers edge has been scraped in preparation for establishment of a
new front lawn to the shore. This, in effect, has lowered the pre-
construction shore elevation to some extent. This information is
contained in Figure 7.

Soundings were also made offshore along all ranges utilizing
a boat equipped with a survey fathometer. The results of these
soundings were compared with those made in previous years under

this contract and no apparent change is evident.

NINE MILE SITE
Details of site location and range line position may be found

in the previous report to CRREL of 1978 (Volume 3).
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The shore and nearshore topography and bathymetry were deter-
mined in June of 1979 using a level and level rod. A comparison
of these measurements with those presented in Volume 3 of 1978
show no measurable change except at range 5. As reported earlier
there is a small sand berm along the shoreline at this location
and it has a tendency to migrate in or offshore to some extent in
response to changes in longer term river elevation fluctuation. It
is not felt that the movement of this berm is materially effected
by "drawdown associated with passage of larger vessels.

Offshore profiles were determined using a boat equipped with a
survey fathometer. The boats position was determined by triangula-

tion from shore.

The results of these measurements have been plotted on Figures 8

through 14 along with measurements made in 1977 and 1978. Ranges

1, 2 and 3 on the north end of the study-area appear to have filled
slightly over the area shoreward of the navigation channel. The
offshore depression noted earlier on range 5 at 100 m. from the
baseline has remained filled. Ranges 6 and 7 show a further migra-
tion of the submerged offshore berm. As noted in the report of 1978
the offshore berm located on these two ranges is actively influenced
by vessel drawdown. The apparent bottom movement near the navigation
channel again appears to be quite erratic from range to range. The
river current changes quite significantly from main river section to
the region in shore. Thus the boat used for making the soundings
experiences some change in speed as it attempts to move along the

range. This greatly influences the measurements of hoat location in

L}
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the region where river velocity changes rapidly. It is likely then
that much of the 'apparent' movement shown near the main river chan-

nel relates to the accuracy of measurement.

SIX MILE SITE

A special study was conducted along a reach of shoreline near
Six Mile Point on the St. Marys River. The specific property is
owned by a Mr. Cleary. Specific site detail and range line loca-
tiéns are available through CRREL. The investigation was undertaken
on June 23, 1979.

Figure 15 is a photograph taken from the front lawn of the
Cleary property looking generally in an easterly direction tovard
Sugar Island. Hote the nearshore band of clouded water. Figure 16
is also taken from the Cleary property looking generally in a north-
erly direction and shows the small bay adjacent to the Cleary prop-
erty. The cloudy nature of the water is quite evident in this photo-
graph.

Three range lines had previously been established at this site
by CRREL. Two of the ranges transected the river in the area covered
by Figure 15. The third range transected the small bay shown in
Figure 16. Only one of the ranges could be located during this field
period, the one transecting the small bay (range A-A'). A shore
prcfile was run on this range and the results compared with a previ-
ous run nade by CRREL on tay 24, 1978. This information is shown on
Figure 17. There was no apparent change in the profile during these

two periods. It should be noted that some attempt has been made to
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protect the shore in this area by placing large rock along the face
of the bluff at range A-A'.

The site was aobserved for several days during the field period
with expectations that the water clarity would improve in ordér
that velocity measuremeﬁts could be made for several ship passages.
However this did not occur and only stage measurements could be
made., Five vessel passages were noted on June 23, 1979. The obser-
vations made are shown in Table 1.

The sediment traps were positioned on the bottom of the small
bay near range A-A' for 15 minutes under ambient conditions (no ves-
sel passage). As would be expected from the cloudy nature ¢f the
water some sediment was collected in all traps.

The traps were also positioned for all vessel passages and the
sediment collected for all vessel passages (except the St. Clair)
did not appear to be materially different than would be expected from
ambient conditions alone. The passage of the St. Clair caused the
water in the bay to surge in and out several times causing an obvi-
ous bottom displacement at the head of the bay. The volume of mater-
1al caught in the traps was also higher than would be expected un-
der ambient conditions.

Three bottom soil samples were collected on June 23, 1979 (ad-
ditional offshore soil information may be found in the Appendix).
One sample from the small creek which enters the head of the bay
(in a region influenced by the surge within the bay), the second
nearshore along range A-A' and the tnird nearshore from the main

river channel near range B-B'. The Phi distribution for these

22
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TABLE 1

VesseL Passaces - Six MiLe Point 6/23/79

Vessel Name & Direction Length & Beam Speed Maximum Drawdown
(Meters) (kph) (cm)
L. € Block (upbound) 189.3 X 19.5 10.17 2.5
Ralph H. Watson (upbound) 186.5 X 18.3 missing 2.5
Arthur B. Homer (upbound) 251.8 X 22.9 11.05 2.5
J. Burton Avers (upbound) 189.0 X 18.3 12.37 2.9
St. Clair (downbound) 234.7 % 28.0 13.41 13
T T .
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samples §s shown in the table below.

(:)‘ Site

Ho % %
Creek 2.90 0.60 0.42
Range A 3.20 0.70 0.36
Range B 3.15 0.60 -0.17

As can be seen from the table the bottom material is generally a
fine sand with slightly larger material on the creek bed due to
transport of the finer frac%ion into the bay and river. There is
also sone skew toward the larger sizes along the main river shore-
Yine.

This linited investigation does indicate that sediment trans-
location can occur due to vessel passage. This of course is high-

1y dependent on vessel size and speed.

DARK HCLE SITE

A special study was conducted at the Dark Hole area on Heebish
Island. The specific site is near Mirre Point on property owned by
3 Hr. Nerchberger. Specific site detail and range line location
are available through CRREL. This specific investigation was con-
ducted on June 22 and 23, 1979.

Figure 18 is a photograph taken on the Merchberger property
Tooking in an upriver direction and Figure 19 looking generally in
a dounriver direction. The eroding scarp is clearly evident in both
photographs. Figure 18 also shows some damage to trees at the
waters edge and Figure 19 shows the depositional section at the

downstrean end of the reach in the area of the offshore vegetation.
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Shore profiles were measured along the two ranges which had
~r been previously established by CRREL. The results of these measure-
ments are il1lustrated on Figure 20. Figure 20 also shows the results

of similar measurements made by CRREL cn May 24, 1978. There does

not appear to be any material movement of the scarp along these two
ranges over the period between measurements (over one year). The
water level was 0.18 meters higher on 6/22/79 than on 5/24/78 which
could account for the small differences shown at the base of the
sgarp.

The general configuration of the scarp along the reach was also
measured on the above dates. A comparison of the results is shown
in Table 2. Angles shown are those used by CRREL on 5/24/78. The
data does indicate a general scarp recession at the upstream end of

. the study reach. It is likely that the accretion indicated by the
last measurenment in the table is a measurement or recording error
on one of the two dates.

Heasurements of stage, river velocity alteration, and sediment
transport were also made for the passage of eight vessels. Table 3
lists the vessels, their size, speed, river velocity alteration and
observed drawdown. The velocity and stage measurements were made
near range A in 0.8 meters of water. The ambient near bottom river
velocity (no vessel passage) at this location was approximately
10 cn/sec, The navigation channel carries only upbound traffic at
this location during the regu]a} navigation season. Thus all ves-
sels observed were traveling upriver and in all cases river velocity

changes were confined to changes in the ambient downstream compo-
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TABLE 2

DarRk HoLe Scarp LocATIONS
(Distance in Meters)

Angle 5/24/78 6/22/79 Change
45°-52' 17.02 15.51 -1.51
45°-46" 16.31 15.51 -0.80

. 44°-37" 15.88 15.73 -0.15
45°-51'-30" 15.59 15.51 -0.08
47°-54' 15.77 15.70 -0.07
57°-09" . 12.66 11.31 -1.35
55°-14" 11.35 10.55 -0.80

- 69°-25" 9.91 ‘ 9.91 -
76°-27" 10.13 10.06 -0.07
79°-41" 9.60 9.69 +0.09
) 82°-29" 9.90 9.88 -0.02
92°-20" 9.75 9.85 +0.10
97°-45" 9.82 9.78 -0.04
99°-38" 9.66 9.72 +0.06
103°-40" 10.31 10.30 -0.01
116°-42" 10.86 10.88 +0.02
125°-11'-30" 11.81 11.80 -0.01
127°-06" 11.41 11.46 +0.05
143°-39" 13.64 15.03 +1.39

- recession

+ accretion

¢ e e o
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nent. In only one case, the Bella Marske, did the downstream
Component increase slightly. For all other passages shown there
Was a decrease in magnitude of downstream component for a brief
Period follawed by a return to ambient conditions. In all cases
an1tored attendent drawdowns due to vessel passage were very
slight.

The sediment traps were positioned on the river bottom near
th? location utilized for velocity measurements and left for one
hour with no vessel passages. HNo sediment was collected under this
ambient condition. The traps were also positioned for each vessel
passage. Mo sediment was collected for any of the vessels monitored,
A slight ripple pattern was evident on the river bottom at this lo-
cation and this pattern was observed during each vessel passage. HNo
- ripple movement occurred for any of the passages.

Two soil samples were collected along range A-A', one near the
shoreline and one at the drop off shown on Figure 20 at 9 meters

from A'. An analysis of these samples is shown below.

Location My % ay,
Nearshore 1.80 0.60 0.08
At 9 meters 52.7 per cent passing the p200 sieve

As can be seen from the table the material near the shoreline is a
fine to medium sand which would be suseptable to movement due to ero-
sive forces. The offshore material however possesses a large frac-
tion of silt and clay sizes and in place 1s likely more stable rela-

tive to erosive forces.
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A collective review of the above information suggests that
little or no disturbance is caused by vessels of the class moni-
tored which move at these moderate speeds. Based on similar measure-
ments discussed in earlier reports it is likely that higher ves-
sel speeds would cause greater effects in the nearshore zone. Some
difference in effect may also occur during the winter navigation
season when both upbound and downbound vessels make use of this nav~

igation channel.

.

DETROIT AND ST. CLAIR RIVERS

CHRYSLER SITE

Shore, nearshore and nffshore topography and bathymetry were
measured in July of 1979. These measurements were compared with
those presented in the 1978 report and no measurable changes were

evident.

BELLE ISLE

Shore, nearshore and offshore topcgraphy andvbathymetry were
measured in July of 1979. These neasurenents were compared with
those presented in the 1978 report and no measurable changes were
evident.

Scarp location was alsc determined as described in the 1978

report. No changes were evident.




ALGONAC SITE

Shore, nearshore and offshore topography and bathymetry were
measured in July of 1979. These measurements were compared with
those presentea 1n the report of 1978 and no measurable changes
were evident. |

Scarp location was also determined as described in the 1978
report. Table 4 shows the results of these measurements. It is

evjdent that some recession has occurred.

RUSSELLS ISLAMND

A field study was initiated on July 12, 1979 at the Russells
Island Site. Details of site location and range line position may
be found in Volume 3 of a previous report furnished to CRREL, No-
vember 1978. (A Study of Ice Related Sediment Transpert ard Shore-
- 1ine Erosion). Figure 21 shows the historic shoreline changes
Mmeasured during 1978 and 1979. Table 5 shows alterations in scarp
position. HNoticable recession is evident in the lower portion of
the reach. Offshore profiling was also done by boat using a survey
fathometer for all ranges. o measurable changes were noted in the
offshore bottom profiles.

Measurenents of drawdown and river velocity alterations due
to vessel passage were also made for the passage of eight vessels.
A surmary of this data may be found in Table 6. .In general upbound
vessels tended to cause an increase in the downstrean river veloci-
ty component while downbound vessels first caused the river veloci-

ty to shift in an upstream direction to be later followed by an in-




Angle 3/23/78

338°38" 32.06

334°31" 24,75

323°00" 19.67

~ 313°53" 16.43

304°55° 15.36

299°33! 13.52

285°44* 11.93

278°27" 11.92

277°11" 12.08

, 274°29" 11.68
i) 245°14" 12.94
: 243°06" 13.19
240°54" 13.96

232°04" 15.55

217°42" 17.86

212°25" 19.56

203°34" 25.76

202°58" 26.00

202°32" 26.75

- indicates recession

TABLE 4

6/21/78

32.40
24.63
19.69
16.46
15.42
13.17
11.98
11.92
12.07
11.70
13.11
13.17
14.02
15.48
17.83
19.57
25.82
26.00
26.82

12/9/78

31.49
24.69
19.60
16.43
23.90
13.29
11.98
11.73
11.95
11.69
13.1
13.14
13.87
15.48
17.80
19.58
25.63
26.00

roan
20.".

-_—

ALconac STATE Park SITE Scarp LocATIONS

(Distance in Meters)

7/13/79

32.43
24.75
19.39
16.37
14.90
13.17
11.89
11.83
11.95
11.64
13.1
13.14
13.81
15.48
17.83
19.60
25.60
25.97

A0 A

Total since
3/78

0.37
0.0
-0.28
-0.06
-0.46
-0.35
-0.04
-0.09
-0.13
-0.04
0.17
-0.05
-0.15
-0.07
-0.03
0.04
-0.16
-0.03
-0.51
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R TABLE 5

RusserLs [sLAND ScArRP LOCATIONS

(Distance in Meters)

j Total since
| Angle 4/14-15/78  6/22/78 12/9/78 7/12/79  4/14-15/78
{ 59° 19.8 21.6 20.58 20.42 +0.62
; : 63° 18.4 18.8 18.75 18.59 +0.19
! 70° 14.6 14.7 14,94 15.15 +0.,55
‘ 75° 13.0 13.01 13.08 13.17 +0.17
80° 11.89 12.22 12.38 12,07 +0.18
85° 10.9 10.9 11.01 11.03 +0.13
90° 10.5 10.5 10.76 10.58 +0.08
100° 9.3 9.4 10.27 8.08 -1.22
110° 9.0 8.9 8.78 7450 -1.50
120° 8.0 7.5 7.4 6.74 -1.26
. 130° 8.1 7.1. 6.77 6.28 -1.82
135° 7.9 6.7 6.77 6.00 -1.90
145° 1.5 6.4 6.37 5.79 -1.71
155° 7.0 6.4 6.59 5.49 -1.5
, 165° 7.3 6.6 6.65 5.79 -1.51
175° 7.6 7.0 7.32 6.3 -1.29
185° 8.0 7.5 7.87 6.98 -1.02
195° 3.0 8.0 8.1 7.10 -1.90
205° 10.2 8.7 9.51 7.47 -2.73
, 210° 1.2 9.8 9.82 7.62 -3.58
, 220° 13.7 12.0 12.04 8.32 -5.,38
‘ 230° 17.7 17.3 16.77 - 9.85 -7.85
235° 20.91 21.86 20.61 13.14 -7.77
238°10'30"  23.69 30.27 +6.58

N - recession
+ accretion
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\“) cre#se in downstream component. The shift to an upstream di-
rection caused flow to pass around the tip of the island into the
channel.between the island and the United States mainland. This
channel 1s not used for cormercial navigation. This phenomena has
been noted earlier in the report to CRREL of Hovember 1978.

There vere a considerable number of smaller pleasure craft

utilizing the waterway during this field period. The surface
waves generated by the passage of these vessels caused some diffi-

culty in the determination of drawdown and river velocity alteration

caused by the larger commercial vessels. Thus data shown in Table 6

should be viewed as approximate with perhaps only relative signi-

ficance.

Attenpts were also made to neasure sedinent movement due to

! ;» vessel passage. For several of the passages shown in Table 5, the
waves generated by pleasure craft passing at the same time caused
the sediment traps to be rotated and partially filled with sediment.
| At other times such waves were roted to be causing sediment to move
{nto the traps. It was impossible under these conditions to sort

out material from the traps which may have only moved due to the

passage of the larger vessels. These observations also indicate
that during the summer months erosional forces near the shoreline

may be greater due to the movement of the p]easgre craft than those

- due to the passage of the larger commercial vessels.
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PEERLESS SEA MALL

A new erosion control sea wall has been proposed extending a-
long a reach of the St. Clair River on the United Stati side of
.the river. The wall would begin just downriver of the Blue Water
Bridge to Canada along property owned by the City of Port Huron,
Michigan. A baseline was established along the shoreline in the
region to be protected by the sea wall and nearshore soundings were
made at selected locations along the baseline. Figure 22 is a pho-
tobraph showing the shoreline to be protected by the new sea waill.

Nearshore soundings were done in July of 1978 at selected
points along the baseline. These soundings and the baseline des-
criptions may be found on the blue prints located in the map packet

attached to the inside back cover of this report.

These profiles were checked again in July of 1975 and no changes

were evident,
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FIGURE 22

PEERLESS SEA WALL SITE




SUMMARY AND CONCLUSIONS

A field study examining the effects of vessel passage an sedi-
ment erosion potential has been continued at certain sites on the
St. Marys River and the Detroit and St. Clair Rivers. This program
was augmented by an auxiliary study under the auspices of the Great
Lakes Basin Commission. The results of this auxiliary study may be

found in the Appendix of this report.

Based on the results of the combined study and those of previous

studies the following statements can be made,

L))

2)

3)

4)

The major ice crack patterns are generally parallel to the
shore. The nearshore cracks are due to differential sup-
port between floating and grounded ice, and the offshore
cracks are due to differential water pressure caused by mass
water mevements perpendicular to the shore due to vessel
passage. These offshore cracks and the pressure differen-~
tial occur at or near bathymetric transitions.

The near-bottom river velocity is temporarily altered in
magnitude and direction by the passage of a vessel. The ef-
fect is dependent on the vessel's size, speed, and direction
of travel for any particular river cross-section.

The temporary river level drawdown caused by vessel passage
may be predicted analytically with good accuracy and demon-
strate the interaction of vessel size, relative speed, and

river cross-sectfon.

River velocity profiles in the absence of vessel traffic
shows differing velocity distribution between ice covered and

40




5)

6)

7)

8)

10)

)

{ce-free conditions.

There is no ambient sediment transport during the period
of continuous 1ce cover.

Sediment transport occurs with the passage of a vessel
when that vessel causes the occurrence of some critical
combination of river velocity alteration and pore pressure
response in bottom soils due to the rate of river level
drawdown,

Once sediment transport is initiated by the vessel, all
sediment sizes present are moved.

River level drawdown due to vessel passage appears to be
1ittle effected by the presence of an ice cover.

Waves generated by the passage of pleasure craft in the
summer months appears to have a greater influence on shore
and nearshore erosion than the regulated passage of the
larger commercial vessels.

The results of the special studies undertaken at Dark Hole
and Six Mile Point indicate that commercial vessels maviag
at regulated speeds cause little or no nearshore erocion at
these sites under ice-free conditions.

Given that vessels are moving through the system at regu-
lated speeds, no evidence collected to date from studies
made under this contract would indicate erosional influences
are great.r with the presence of an ice cover.
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RECOMMENDATIGHS

The primary objective of this three-part study was to evaluate the
measurable and predictable impacts on the biological cormunity caused by water
drawdown during wintar navigation along the St. Marys River.

o had wed.. ©Stablisiicd "ot 5407 €7t Lroansport does occur under | g e
bination of conditions. iowever the river velccity-pore pressure respcnse re-
lationship necessary to initiate sediment suspension and translocation is un-
known. A combined theoretical and laboratory study is necessary to gain the a-
bil{ty to predict sediment movement, Only then will a raticnal method be avail-
able to provide vessel speed regulation or even the absuiute trohibition of
Zesse] movement in certain areas during periods of particular biclogic activi-
-Yc \ ’ .
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